Excessive alcohol use is associated with increased health care utilisation and increased mortality. This observational study sought to identify the proportion of patients admitted with a critical illness in which alcohol misuse contributed, and to examine the resource use for this group. We performed an observational retrospective database review of all admissions to the Alice Springs Hospital intensive care unit (ICU) between 1 January 2009 and 31 December 2015. The Alice Springs Hospital ICU is a ten-bed unit located in Central Australia, with approximately 600 admissions annually. The per capita consumption of alcohol in Central Australia is approximately 1.5 times the national average. The primary aim was to determine the proportion of admissions to intensive care in which alcohol misuse was identified as a contributing cause. Secondary aims examined resource utilisation including ICU and hospital length of stay, need for and duration of mechanical ventilation, and ICU re-admission. There were 3,768 admissions involving 2,670 individual patients. Of these admissions 947 (25%) were associated with alcohol misuse. Admissions associated with alcohol were significantly more likely to require mechanical ventilation (30% versus 20%, P <0.01), and had a significantly longer ICU length of stay (2.1 versus 1.9 days, P <0.05). The proportion of admissions in which alcohol misuse was implicated is amongst the highest in the published literature. The results of this study should drive further policy change directed at harm minimisation, and warrant more detailed epidemiological work at both a local and national level.
. An estimated 5.1% of the global burden of disease and injury is attributable to its consumption [3] [4] [5] . Alcohol misuse-that is consumption that is above the recommended limits in a particular context (such as driving), or at levels that lead to health-related problems or dependency, is thought to result in societal costs exceeding A$14 billion per year 6 in Australia. Residents of the Northern Territory (NT) have had a long history of heavy alcohol consumption, and the per capita alcohol consumption (PCAC) in the NT has exceeded the national average by a factor of 1.3 to 2.0 since the 1980s 7 .
A point prevalence study demonstrated that the NT had the highest incidence of alcohol-related emergency department presentations in the country 8 .
There is a correspondingly high rate of alcohol-attributable comorbidity and mortality. Skov et al linked alcohol sales in the NT to healthcare utilisation data and deaths 7 . They reported age-standardised alcohol-attributable death rates approximately 3.5 times the national rate, and alcoholattributable hospitalisation rates of more than twice the national rate 7 .
Within the NT however, there is marked variation in PCAC, and the heaviest consumers are those in Central Australia, with an estimated PCAC of 14.0 to 15.0 litres per person per year 9, 10 . Several international studies have examined the role of alcohol in contributing to intensive care unit (ICU) admission rates (Table 1 ). These data suggest that 7% to 33% of admissions to ICU for a critical illness are associated with alcohol misuse 5, [11] [12] [13] [14] [15] [16] . The wide variation observed in the international literature is likely to be due to variations in PCAC, heterogeneity in definitions of alcohol use, and research methodology.
To better understand the role of alcohol in ICU admission patterns in Central Australia, a retrospective analysis of prospectively collected data linking alcohol and admissions to the ICU for a critical illness was undertaken. It was hypothesised that there would be a high proportion of admissions to the ICU associated with alcohol misuse, and that these admissions would be associated with a higher use of healthcare resources (measured by ICU and hospital length of stay [LOS] , need for and duration of mechanical ventilation, and ICU re-admission).
Methods
The Alice Springs Hospital (ASH) ICU is a ten-bed unit with approximately 600 admissions per year, and is the only critical care facility in Central Australia. The caseload differs from many other comparable ICUs (Table 2 ). Ethical approval 17 . Admission diagnosis for the AORTIC CORE database is coded by the organ system predominantly affected 18 . A customised field for alcohol was added to the routinely collected data coded. An admission was considered to be associated with alcohol misuse if any of the following criteria were met: 1. Evidence of cirrhosis with portal hypertension attributable to chronic alcohol abuse, or; 2. alcohol withdrawal seizure(s), or; 3. alcoholic pancreatitis, or; 4. multiple presentations to the emergency department intoxicated, or; 5. an episode of binge drinking (defined for our purposes as consuming alcohol for the purposes of intoxicationor 'drinking to get drunk') in the 48 hours preceding admission. Data was collected from 1 January 2009 to 31 December 2015. In addition to baseline demographic data (age, gender, indigenous status), ICU-specific data was collected including Acute Physical and Chronic Health Evaluation (APACHE) III score, and the presence of comorbidities (chronic liver disease, insulin-dependent diabetes, chronic respiratory, chronic cardiovascular and chronic renal disease). The definitions of these comorbidities are found in the ANZICS CORE Data Dictionary 18 . The ANZICS CORE database also provides a 'risk of death' based on the APACHE III data which is reported.
In addition, the following resource utilisation data was collected: emergency or elective admission, the level of care required (high dependency or intensive care), ICU and hospital LOS, as well as the need for invasive ventilation and duration of mechanical ventilation.
Admissions that were not associated with alcohol misuse acted as controls.
Aims
The primary aim was to determine the proportion of admissions in which alcohol was identified as a contributing cause. Secondary aims examined resource use, including LOS (ICU and hospital), the need for and duration of mechanical ventilation, and the need for ICU re-admission during the study period. In order to avoid the confounding effects of multiple admissions, the primary analysis was undertaken using the alcohol coding recorded for the index admission. However, given that the research question was directed at resource utilisation, and there was a high number of re-admissions, a secondary sensitivity analysis was undertaken using all admissions.
Statistical analysis
Data was analysed in Statistica TM (StatSoft Incorporated, Tulsa, OK, USA). Data is reported as mean (standard deviation) for normally distributed data, median (interquartile range) for non-normally distributed data or number (percentage) for categorical variables. Univariate analyses using the Student's t-test or the Mann-Whitney U test for continuous parametric and non-parametric data respectively, and the chi-square test for categorical data was undertaken to compare admissions in which alcohol was a contributing factor to those that were not. No adjustment was made for multiple comparisons and results were considered significant at P <0.05. Secondary analysis on the admission data was undertaken in the same way.
Variables associated with the need for mechanical ventilation (as a marker of resource utilisation) were assessed with multivariate analysis, for which a P-value of <0.01 was considered significant. Covariates for the non-linear regression model were chosen on the basis of likely clinical significance and univariate analysis (any variable with a P <0.05). The multivariate analysis was undertaken on both individual patient data and for all admissions.
Results
There were 2,670 individual patients, 66% of whom identified as Indigenous, who had 3,768 admissions during the study period (Tables 3 and 4) . Twenty-four percent of patients had an admission associated with alcohol by our definition, representing 947 (25%) admissions. Amongst the Indigenous subgroup, 1,756 patients were responsible for 2,694 admissions, with 536 patients (31%) having an admission associated with alcohol. The rate of invasive ventilation was significantly higher for patients who had an admission associated with alcohol misuse (29.6% versus 19.7%; χ 2 = 27.58, P <0.01). Despite the higher rates of ventilation, the duration of mechanical ventilation was no different (94.3 versus 88.5 hours, P=0.13). Median ICU LOS was significantly longer (2.1 versus 1.9 days, P <0.01), but there was no difference in hospital LOS. Patients who had an admission associated with alcohol misuse at any time were no more likely to have multiple ICU admissions over the study period (22% versus 19%; χ 2 = 2.39, P=0.12). Patients who had an admission associated with alcohol were younger (43.5 versus 48.8 years, t = 6.7, P <0.01), more likely to be male (66% versus 50%; χ 2 = 49.35, P <0.01) and more likely to be Indigenous (85% versus 60%; χ 2 = 135.0, P <0.01). The APACHE III score was lower in patients with admissions associated with alcohol misuse (43.0 versus 45.6; t = 2.5, P <0.05).
Patients with an admission associated with alcohol misuse, were more likely to be admitted under a diagnostic code of trauma (18% versus 10%; χ 2 = 31.27, P <0.01), pancreatitis (3.3% versus 1.1%; χ 2 = 14.39, P <0.01) and upper gastrointestinal bleed (3.6% versus 2.1%; χ 2 = 5.1, P <0.05). There was no statistically significant difference in the proportion of admissions with an infective cause ( Table 5) .
Annual admissions increased over the study period, but the proportion of admissions associated with alcohol misuse remained constant for both total admissions, and those admissions most associated with alcohol misuse (Figure 1 , panels A to D).
There was no difference in in-hospital mortality between the two groups. However, amongst those who did die, there was a trend towards dying at a younger age (51.5 versus 57.9 years; t = 1.96, P=0.055).
Multivariate analysis, using the need for invasive ventilation as the dependent variable and variables that were significant on univariate analysis, revealed a statistically significant relationship with age, sex, APACHE III score, indigenous status and alcohol (Table 6 ). The result was not altered by repeating the multivariate analysis on admission data.
Discussion
Despite a decade and a half of increasing public awareness, and multiple policy changes, the PCAC in Central Australia remains substantially higher than the national average 7, 9 . This data suggests that alcohol contributes substantially to morbidity resulting in ICU admission. Furthermore, patients admitted to ICU in whom alcohol misuse is a contributing factor are more likely to require mechanical ventilation and are associated with a longer ICU LOS, resulting in increased resource utilisation. The results of the multivariate analysis (at both individual patient level and for admissions) confirm that alcohol misuse is an independent predictor of the need for mechanical ventilation. In addition, indigenous people are over-represented in the admissions to intensive care, and are more likely to have an admission associated with alcohol misuse.
Although there was no in-hospital mortality difference between the groups, patients in whom alcohol misuse contributed died at a mean age of 51 years, suggesting a high number of productive life years lost.
There were a number of policy changes around harm minimisation in the NT during the study period (introduction of the Alice Springs restricted area, introduction [and subsequent withdrawal] of a photographic identification system, introduction [and subsequent withdrawal] of the banned drinkers register, introduction of temporary beat locations); however, the proportion of admissions in which alcohol misuse contributes appeared to be stable (Figure 1 ) 9, 19 . This is true both for admissions overall, as well as those admission diagnoses which are most associated with alcohol use (Figure 1, panels B to D) , albeit that there are small numbers for each of these diagnoses. It is a possible weakness of our study that data collection did not align with these policy changes. However, the variability in both the introduction of these policies and in their implementation would have made this difficult.
Despite the well-documented harms, there is surprisingly little published in the critical care literature on the ICU resources consumed as a result of alcohol misuse (Table 1) 1,2, 4, 6, 7, 20 . McPeake and colleagues undertook an 18-month prospective cohort study in a 20-bed Scottish ICU, finding that 34.4% of admissions were associated with either harmful/hazardous levels of alcohol consumption or an alcohol dependence disorder 21 . Uusaro et al undertook a prospective one-year study in a Finnish ICU examining only emergency admissions, finding that 24% of the 893 emergency admissions in a one-year period were related to alcohol abuse by their definition (physician opinion), while a French study reported that 31.4% of patients requiring admission for longer than three days consumed alcohol at hazardous levels 22, 23 . Direct comparison is made difficult by the heterogeneity of definitions used (see Table 1 ), nevertheless the proportion of ICU admissions associated with alcohol misuse reported in this study approaches the highest of that recorded in the international literature 11, 13, 14, 16, [22] [23] [24] [25] [26] . This study differs from those of other international cohorts. It included all patients requiring a critical care admission including both intensive care or high dependency care. This is more reflective of the model of intensive care in Australasia, where there are more intensive care beds available (8.63 ICU beds per 100,000 population) than in other countries who have reported on the effect of alcohol misuse on ICU admission patterns 17 . The definition used in this study is broad and likely to capture all admissions in which alcohol misuse contributes. The fact that the prevalence of liver cirrhosis was very high in the alcohol group (Table 3) suggests that there are both acute and chronic components to this. It remains, however, the largest study examining this important epidemiological phenomenon using a clinical definition of alcohol misuse.
Given the evidence around alcohol-induced relative immunosuppression, and the high number of admissions in which sepsis was involved, it was surprising that there was no difference in the rate of admission for an infective cause [27] [28] [29] . It was also surprising that patients who had an admission associated with alcohol were no more likely to have multiple admissions. However, there were high rates of re-admission in both groups, and there appears to be a group of patients who have poorly managed disease processes resulting in multiple admissions, for example one diabetic patient had 25 admissions over the seven-year study period (Figure 2 ). In Australasia, healthcare utilisation data resulting from alcohol misuse has been described using figures from emergency department presentations and hospital separation data 7 . Our study demonstrates that the ramifications of alcohol misuse, in our population at least, are more complex. A substantial proportion of critical care admissions (24% of patients, 25% of admissions, and 31% of Indigenous admissions) are associated with alcohol misuse. In particular, admissions associated with alcohol misuse are more likely to require invasive ventilation and to have a longer ICU LOS. These contribute to an increased morbidity that is not reflected in data reporting on emergency department presentations and hospital separations. The annual ANZICS costing survey estimated that an ICU bed costs the healthcare system approximately A$4,500/day 30, 31 . The excess ICU LOS alone associated with admissions related to alcohol use contributes more than a quarter of a million dollars per year to the health expenditure in Central Australia.
While this study describes the effect of alcohol misuse on ICU admissions and resource utilisation at a local level, there is no data describing the influence of alcohol on critical care admission patterns at a national level. These data may provide the impetus to begin addressing this deficit.
Limitations
There are several limitations in this study. First, it represents the results of a single centre which serves a unique population. A broader observational study may better determine the effect of alcohol misuse on ICU admission patterns throughout Australasia. Second, it was not possible to distinguish between admissions that were associated with acute alcohol intoxication and those from chronic alcohol use. There is evidence that acute intoxication is associated with shorter lengths of stay, fewer complications and lower mortality 5, [32] [33] [34] . As a result, the effects of chronic alcohol use may have been diluted. Third, like all database studies, inaccurate coding is a risk. However, failure to identify alcohol as a contributory factor is more likely than inappropriate attribution, and if anything is likely to result in an underestimation of the effect of alcohol on ICU admissions. Furthermore, the four-fold higher rates of liver cirrhosis seen in the cohort whose admission was associated with alcohol would suggest that coding has largely been accurate. Fourth, our definition did not include admissions that resulted from another individual's alcohol use such as the passenger in a motor vehicle accident in which alcohol was involved (common in the NT), or the victim of an alcoholinduced assault 7, 35 . Finally, our definition of alcohol abuse was locally determined and we have added to the considerable heterogeneity of definitions used in the literature.
This definition was used in preference to others, including measures of standardised drink consumption or admission blood alcohol level, as eliciting an accurate history of alcohol consumption in this population is difficult and admission blood alcohol levels may not fully capture the effects of chronic use. Furthermore, this definition encapsulates many of the common features of other definitions used in the literature, namely excessive consumption resulting in harm to health.
Conclusion
Alcohol contributes significantly to the admission patterns observed in the ASH ICU and an admission in which alcohol contributes is an independent predictor of the need for mechanical ventilation. Although the duration of mechanical ventilation was not longer in patients with admissions associated with alcohol, they did have longer ICU LOS. This has significant resource and economic implications.
This data demonstrates that emergency department presentations and hospital separations do not fully measure, nor encompass, the morbidity and the economic costs arising from alcohol, and, by extension they cannot fully assess the impact(s) of changes in alcohol policy.
The data from this study should drive further policy change in the area of harm minimisation and more prospective data collection on the effects of alcohol in Australasian ICU admission patterns.
